Vaccine hesitancy (VH) is defined as the delay in Background: acceptance or refusal of vaccination despite availability of vaccination services. The main objective of this study was to improve the understanding of vaccine hesitancy (VH) among parents in Kuala Lumpur (KL), Malaysia, by determining the prevalence of VH among parents and to identify the predictors associated with a vaccine hesitant attitude.
Historically, it is said that Edward Jenner founded vaccine after he successfully inoculated a 13-year old boy with the cowpox virus, who then developed immunity against smallpox 1, 2 . Since then, vaccination has come a long way, with multiple vaccines created for mass production and use.
Globally, it is found to be the single-most effective intervention to prevent infectious diseases worldwide. Beyond that, vaccines have also been said to prevent antibiotic resistance, empower women, protect against bioterrorism and extend life expectancy 3 . In 2007, the British Medical Journal found vaccines to be one of four most important developments in medicine in the last 150 years, alongside sanitation, antibiotics and anesthesia 4 . Unfortunately, we are witnessing a huge rise in vaccine-preventable diseases (VPDs) in Malaysia, where there was an almost 1000% increase in the number of measles cases in 2018 compared to the previous year according to the Ministry of Health (MOH).
The devastating symptoms and fear of contracting certain diseases resulted in a great uptake of vaccines in their early years, resulting in the eradication of many vaccine-preventable diseases around the world. However, as time passed, more people have become vaccinated and sightings of these diseases have become rare. Thus, public attention has shifted from what was once a fear of a deadly disease to the possible risks and side effects of vaccination. The concerns and questions regarding vaccines gave rise to what we know today as vaccine hesitancy (VH).
VH can be appreciated from as early as the 1800s, after the first vaccine was created by Edward Jenner. People complained about the invasiveness of methods used in administering vaccines. In addition to that, scientists questioned the basis for its efficacy, while religious groups rejected vaccination due to its unnatural ways and as an act of 'playing God' 5 .
The epitome of vaccine controversy occurred at the end of the 19 tth century, when Dr Andrew Wakefield published an article in The Lancet regarding the positive association between the measles, mumps and rubella (MMR) vaccine and bowel disease and autism 6 . This paper was formally retracted in view of Wakefield's conflict of interest, as well as committing scientific fraud by falsifying data. However, the influence of this report still lingers in many societies.
The World Health Organization (WHO) recently estimated that 19.4 million infants are missing out on basic vaccines, while one in five children worldwide do not receive routine life-saving vaccines 7 . Similarly, the United Nations International Children's Emergency Fund (UNICEF) has estimated that 2.7 million children die every year due to VPDs, of which 40% are from the Asian continent 8 . Furthermore, we are witnessing a similar trend in previously eradicated diseases, such as diphtheria and pertussis, which are once again infecting children in Malaysia.
WHO determinants of VH
The term 'determinant of vaccination' includes the many dimensions and expressions of VH. The WHO's Strategic Advisory Group of Experts (SAGE) recognized the term 'determinants' as covering the topic of barriers and enablers of vaccination. After a review of models and discussion among experts regarding this topic, this working group recognized three categories of determinants of VH (Figure 1 ) 9 .
Contextual influences
Contextual influences consist of historic, environmental, economic, political, social, cultural and institutional factors that might influence VH populations 10 . Historically, the most famous incident is the relationship proposed between MMR and autism by Andrew Wakefield, published in The Lancet. The article gained interest and spread on many media sites, resulting in a decrease in MMR vaccination acceptance worldwide. Despite retracting this paper and disproving the theory in multiple follow up studies, parents still report concerns on safety of these vaccines 11 . In France, the national vaccination schedule was suspended in the 1990's due to a reported association between hepatitis B vaccination and multiple sclerosis [12] [13] [14] [15] . Despite evidence disapproving the association, this belief remained in the community showing VH in small clusters of general practitioners 16 .
Unintentional suspicion may arise, especially when national policies are applicable to all and freedom of choice is not given to the public 17 . This distrust in the authorities and concerns regarding vaccine safety are sometimes shared among physicians as well 16 . Certain groups are commonly anti-vaccination, such as hard-liner naturopaths, professionals such as some groups of chiropractors, and some religious sects. The spreading of this belief by these groups can influence people to develop VH 18-20 . Some orthodox protestants believe that it is an act against God and any side effects are the consequence of Gods punishment 21 . Muslims require any consumed product to be Halal, and if vaccines are not branded Halal, they may be reluctant or refuse it altogether 22, 23 .
In addition, the modern culture is such that the public questions the validity of science, especially when not backed by research evidence. Patient autonomy makes individuals easily influenced against vaccination, as they act based on their own knowledge and experiences in the past, which may not be updated or just be a misconception 24 .
Individual and group influences
Individual or group influences are influences arising from personal perception of the vaccines or influences of the social and peer environment 10 . The issue of vaccine safety is the most common determinant of VH. Vaccines are believed to be unsafe in terms of both short-term adverse reactions and long-term side effects. Nearly all the literature observes this reason for non-vaccination among VH groups 9, [25] [26] [27] [28] . Personal beliefs about the benefits of vaccines also influence vaccine uptake, with 67.6% of HPV non-vaccinees in the United States stating they consider it not at all or only somewhat beneficial 29 . Parents were found to be concerned about overwhelming their child's immune system and the risk of developing the disease after vaccination 30 . Interestingly, some physicians have doubts regarding the usefulness of certain vaccines themselves, and were therefore not recommending them; meningitis C and hepatitis B are examples 31,32 .
The social norm has been found to be a positive reason for vaccine uptake 33 . Brown noted that having peers or relatives that were pro-MMR vaccine influenced vaccine uptake in the respondents 34 . In addition, viewing vaccination as a responsibility to society in terms of achieving herd immunity saw a higher vaccine uptake in a systematic review by Quadri-Sheriff 35 .
Risk perceptions influence vaccination decision 36 . From a lay person's point of view, risk is based on past experiences rather than evidenced-based medicine 37, 38 . Besides that, weighing the risk of experiencing side effects with the risk of contracting the already rare VPDs plays a role in VH 39 . This is known as 'omission bias'. The need for these vaccines then becomes questionable, as most commonly seen in human papillomavirus (HPV) vaccinations. Parents believe that their children are too young and presume that they are not sexually active; hence, do not require the vaccine 40, 41 . Elderly females, on the other hand, claim that they are too old or no longer sexually active and don't need the vaccine 30,42 .
Vaccine and vaccine-specific issues
Vaccines or vaccine-specific issues are directly or indirectly related to the VH attitude 10 . Every vaccine has its own production process and problems associated with it. Hence, it is subject to different degrees of hesitancy. There have been doubts about the reliability and constituents of specific vaccines such as thimerosal, albumin or aluminum-based additives 43 .
Most vaccines are expensive to produce, considering the amount of skilled lab work required. A survey found that half of pediatricians and family physicians surveyed in the United States had delayed purchase of specific vaccines in their practice due to cost (49%) and experienced decreased profit margins for these vaccines (53%) 44, 45 . Fewer healthcare facilities providing vaccines may translate into poorer access for the public and hence, lower vaccination coverage. A similar problem is faced by patients, with higher prices being a barrier to vaccination. Those with private medical insurance show higher vaccination coverage than those without insurance 43,46 .
Another common reason for parents to not vaccinate their children is inconsistent advice from physicians. Interestingly, approximately 1 in 5 pediatricians dismiss families who refused one or more vaccines during their consultation. O'Leary discovered that these behaviors by physicians was related to the absence of philosophical exemption law and having a medium or difficult policy for attaining an exemption 47 . These physicians may feel overwhelmed by the concerns expressed by patients and it may jeopardize the doctor-patient relationship. This is alarming, as it is not only encouraging VH but repudiates access to healthcare for these patients. Others have found the complexity of the vaccine schedule and frequent updates to it very confusing. This then becomes a barrier, as physicians are not confident or comfortable discussing vaccination with parents 48,49 . The same applies to patients, who find the regimes too complicated to adhere to 50 .
Aims and objectives
The aim of this study was to improve our understanding of VH among parents in Malaysia, specifically looking at the Kuala Lumpur region. The objectives are as follows: 
Sample size
To calculate the required sample size for a single proportion, we used Pocock's formula: n= Zα 2 P (1-P)/d 2 , where n = minimum required sample size, (Zα) = 1.96, d (precision) = 5%, and P = expected prevalence. Based on our extensive literature search, the prevalence of VH was found to be within the range of 10% to 30%. Using these percentages, respectively, an estimated sample size of between 138 and 318 was required. The average gave the required sample size of 227. Considering potential dropouts and incomplete forms, 227 + (20%) = 275 was our target sample size. A total of 380 questionnaires were distributed.
Inclusion and exclusion criteria
The specific inclusion criteria for a parent to participate in this study were as follows: aged 20 years or older; provided written consent; able to understand and comprehend English or Malay languages. The exclusion criteria were being too sick or in an uneasy state to complete questionnaire and being non-citizens of Malaysia.
Participant recruitment
Convenience sampling was adopted for recruiting patients from Tanglin Health Community Clinic, Kuala Lumpur. Patients were approached by the on-site investigator in the waiting area of the Maternity Clinic at Tanglin Health. All conversations and forms were given in either Malay or English language, depending on the preference of the participant. They were first asked if they would like to participate in a survey regarding VH.
Patients that were agreeable were then given a patient information sheet 51 while the investigator briefly explained the purpose of the study and their role as participants. Eligible participants were given a separate consent form 51 to obtain their signature and name as written consent. Once they had consented, they were handed the self-administered questionnaire, which was normally completed within 10-15 minutes and returned to the investigator.
Questionnaire
The questionnaire consisted of questions regarding sociodemographic characteristics and WHO determinants of VH (a copy of the questionnaire is available as Extended data) 51 . While this questionnaire was not piloted or validated, it was based on SAGE Working Group on Vaccine Hesitancy's matrix of determinants of vaccine hesitancy and the PACV scale, which have been validated 52,53 . The matrix basically mapped out the key factors that influenced the decision to either accept, delay, or reject vaccination altogether. Three major domains were explored; namely, contextual, individual and group, and vaccine-specific.
Data analysis
All data computation was performed using the Statistical Package for Social Sciences (SPSS) version 23.0, provided by Monash University Malaysia. The data was initially checked for normality using the stem and leaf plot and the Kolmogorov-Smirnov test (p>0.05 suggests normally distributed data).
Sociodemographic findings from the returned questionnaire were described using frequencies and percentages. For the prevalence and predictors of VH among parents, only participants who were parents were studied. This was determined using the inclusion criteria of having at least one child.
Findings from the second part (WHO determinants of VH), that look into the three main domains were depicted as frequencies and percentages of 'YES' and 'NO' responses, except for questions one, two and three. All thirty-five questions were reviewed by a clinician in the field to determine right (non-hesitant) and wrong (hesitant) answers to score and ease analysis. From question four to 35, all 'NO' responses were hesitant responses, except for questions four, five, 11, 14, 21, 26, 30, 32, 33 and 35. For question one (source of information for vaccine) and two (reference when hearing negative comment about vaccine), participants were allowed to choose more than one answer. Overall, the response was portrayed in a bar chart. Responses for question one were subclassified into two or more sources (non-hesitant) compared to anything less than two sources (hesitant). As for question two, those who used a doctor as reference (non-hesitant) were compared to reference/consultation of all other groups (hesitant). For question three (which group that are anti-vaccine advocates are the most influential), participants were allowed to choose one answer only. Those that picked any of the choices were scored as hesitant, while the remainder who responded 'None' were scored as non-hesitant. All hesitant answers were scored as one and non-hesitant were scored as zero. For subdomains, the score of the questions were added up and the mean was used as the cut-off mark, where anything more than the mean was scored as one and anything less was scored as zero.
The outcome of VH in parents was determined by the Parent Attitudes about Childhood Vaccines (PACV) scale. The data obtained from the 221 parents were represented in a table using frequencies and percentages. The method and scoring used was according to the guidelines obtained from Opel 26 . The score given for each item was two for hesitant responses, one for unsure responses and zero for low/no hesitancy. For questions one and two, any 'Don't Know' (DK) responses were excluded as missing data in the analysis. The total score from the scale was divided by the maximum score (30) to calculate the percentage. Any score above 50% was classified as a vaccine hesitate parent (VHP), while scores below that were classified as no/low hesitancy to vaccines. In the case of missing values due to 'DK' responses in questions one and two, the score was divided against the maximum adjusted score, where one 'DK' response = 28 max score and two 'DK' responses = 26 max score. Overall, the final scores for all respondents were used to determine the prevalence of VH among parents in percentage.
Sociodemographic factors and WHO determinants of VH were then examined for association with VH using chi square tests (Pearson Chi Square test, Fisher Exact test, and Mantel-Haenszel test for trend) with statistical significance set at p<0.05. Univariate binary logistic analysis for these variables was then carried out using odd ratios (ORs) and associated 95% confidence intervals (95% CIs) to determine significant predictors of VH among parents. From the analysis, all significant predictors (p<0.05) were included in multivariate binary logistic regression using the stepwise method (backward logistic regression). The gave the final model, showing significant and independent predictors of VH in parents.
Results

Participation and inclusion in the study
A total of 380 questionnaires were distributed and 337 were returned (88.6% response rate). Those that completed 49 (>90%) out of the 55 given questions in the survey were included for further data analysis. For this reason, 22 participants were excluded, which gave a sample size of 314. To identify parents for the VH in parents analysis, parents with at least one child were included, giving a sample size of 221.
Sociodemographic characteristics
A total of 314 questionnaires were included in the demographic data analysis 51 . Of these, 250 and 64 completed the Malay and English versions of the questionnaire, respectively. The ages of participants ranged from 20 to 80 years old. The most common age group was '30-39' years followed by '20-29'. Figure 2 demonstrates the distribution of ages of the participants as a histogram. The average age of collected respondents were 39.25 ± 13.033 years. The most common household income was the 'RM 2,000 -RM 5,000' category, reported by 143 respondents (47.5%). Household incomes of '< RM 2,000' and 'RM 5,000 -RM 10,000' were reported by approximately 20% of the respondents for both groups.
As shown in
In terms of education, there was a decreasing trend, with the highest proportion of participants completing secondary education (39.1%), followed by a diploma (34.3%). Only six participants had achieved the highest level of education; a doctorate. Figure 3 shows the number of children of each participant. The average number of children for all the respondents were two children (mean=1.91) and 88 participants had no children. Parents who had at least one child made up 221 of our respondents. This was further sub-divided into those with 'one or two children' and 'more than two children', with 119 and 102 respondents in these groups, respectively.
Finally, perceived immunization status showed that approximately 70% have had their children fully or partially immunized, while the remaining the 30% reported that their children had not been immunized at all. This perception was also seen in terms of self-vaccination status, in regard to HPV, influenza, the diphtheria, tetanus and pertussis booster and varicella vaccines.
Contextual influences
As shown in Figure 4 , the majority of the respondents used television and the internet as their primary source of information regarding vaccines, reported by 50% and 52.2% of participants, respectively. Other utilized sources were newspapers (34.1%) and social networking sites (25.4%) such as Facebook. The use of radio or magazines as a source of information regarding vaccines was less common, with magazines being the least (11.5%).
As illustrated in Figure 5 , upon receiving negative information regarding vaccination, the majority of participants (75.8%) acted by consulting doctors. The majority of the remaining participants referred to sources on the internet (27.1%). A small number of participants consulted their colleagues or spouses about concerns related to unfavorable statements regarding vaccines. The group consulting religious leaders was reported by only 5.4% of participants. Figure 6 shows that more than half (61.3%) of respondents claimed to be unaware of any groups against vaccines. Amongst the known anti-vaccine groups, complementary/alternative medicine practitioners (21.1%) were found to be most influential, followed closely by religious groups/leaders (11.5%). On the other hand, traditional medicine and political group/leaders were less influential in exerting impact regarding anti-vaccination.
Referring to 
Vaccines/vaccine specific issues
As shown in Table 4 , most participants believed that vaccines are safe for them or their children. However, 45.6% of participants responded that they did not receive sufficient information regarding vaccines and their safety and 55.7% indicated their reluctance in letting their child be the first recipient of a new vaccine. With regard to the method of administering the vaccine, 40.5% of participants indicated a preference for methods other than injection. The process of vaccination was found to be simple and easy with most participants being confident that the clinics/hospital they visit are well equipped with the vaccines they require. A total of 57.6% of participants are unaware of the MOH'S vaccination schedule and 37.5% of respondents believed that some vaccines were difficult to obtain due to the vaccine schedules. Despite that, the vast majority (93.5%) believed that vaccines should be taken according to schedules. Nearly all participants believed vaccines had a significant value despite being administered to children for free. However, when asked about their willingness to bear the cost of vaccines, 34.1% replied negatively. Furthermore, 12.6% of participants were reluctant on returning to a healthcare provider due to mistreatment and 26.9% claimed to have received advice from a healthcare provider that a certain vaccine was not required.
VHPs
Our study shows a prevalence of VH of 14.5% (32/221 patients) among parents, based on the 15-item Parental Attitudes to Childhood Vaccine (PACV) scale (Table 5) . Hesitancy was calculated based on Opel 26 scoring (see Methods). Table 6 demonstrates the responses received from 221 parents on the PACV scale. A total of 18.1% of parents have postponed vaccination due to reasons other than illness or allergy. Of these, only 9.0% didn't get these vaccines at all. Most parents were confident of the MOH childhood vaccination schedule. However, nearly half of the respondents thought that children get too many vaccinations than are needed and were concerned about the safety and side effects of vaccines.
At least a third of parents agreed that it is better for children to develop natural immunity by getting sick rather than being vaccinated and it is better for children to receive fewer vaccine shots simultaneously. We also noted that 30.3% of parents were concerned about the efficacy of vaccines in preventing illness. Only 2.7% responded that if they had another infant, they would not want them to receive all the recommended vaccinations and 3.6% responded that they were hesitant about vaccinations. Furthermore, only 12.7% of parents were not confident in their child's doctor. Table 7 shows the findings of univariate binary logistic regression of all the factors studied in regard to VHP. In terms of sociodemographic characteristics, it was found that male parents are most likely to be VH as compared to female parents (OR 2.431, p = 0.022, 95%CI 1.135-5.204). Other factors such as age, income, education status and number of children did not show any association to hesitancy in our study.
Univariate analysis predicting VH among parents
For contextual influence, there was no association for the number of sources of information or consulting anyone other than a doctor when hearing a negative comment about vaccines. Similarly, being aware of any influential group/leaders that advocate for anti-vaccination and being influenced by historical events were not associated with hesitancy among parents. Trust in MOH regarding health policies was found to be a highly significant factor, with those answering negatively being ten-times more likely to be hesitant (OR 10.23, p < 0.001, 95%CI 3.464-30.197). There was also an association with VH and negative responses to questions regarding trust in pharmaceutical industries (OR 10.29, p < 0.001, 95%CI 4.322-24.476) and geographical barriers to vaccination (OR 4.42, p = 0.002, 95%CI 1.736-11.251).
Giving a negative responses to WHO individual/group influence questions was found to be associated with hesitant behavior among parents.
In terms of vaccine/vaccination specific issues, being apprehensive towards new vaccines (OR 8.387, p -0.001, 95%CI 2.452-28.686) or the design of vaccines and the procedure (OR 10.81, p < 0.001, 95%CI 3.827-30.547) resulted in being approximately 10 times more likely to be VH. Having issues with vaccination schedule (OR 2.684, p = 0.017, 95%CI 1.190-6.051), cost of vaccines (OR 3.347, p = 0.003, 95%CI 1.511-7.418), scientific evidence regarding the risk and benefit of vaccines (OR 18.26, p < 0.001, 95%CI 4.412-75.580) was also associated with VH.
Multivariate analysis predicting VH among parents
A multivariate (stepwise) binary logistic regression analysis was undertaken to assess the relationship between demographic and WHO determinants as predictors of VH among parents. Following stepwise regression using the forward conditional model, the full model containing the five remaining predictors (male gender, distrust of the pharmaceutical industry, distrust of the health system/providers, negative past experiences of vaccinations and reluctance to be the first recipient for new vaccines) were statistically significant in predicting the incidence of VH. The model explained between 29.8% (Cox & Snell R square) and 53.0% (Nagelkerke R square) of the variance in VH among parents and correctly classified 85.6% of cases.
As shown in Table 8 , the five independent variables made a unique statistically significant contribution to the model. The strongest predictor of VH was reluctance to be the first recipient for new vaccines (OR: 25.00, p = 0.001, 95% CI 3.571-166.67), followed by negative past experiences of vaccinations (OR: 8.214, p = 0.004, 95% CI 1.991-33.879), distrust of the health system/providers (OR: 6.173, p = 0.003, 95% CI 1.835-20.833), being a male parent (OR: 4.608, p = 0.009, 95% CI: 1.477-14.493) and distrust of the pharmaceutical industry (OR: 2.431, p < 0.001, 95% CI 1.135-5.204).
Discussion
Prevalence of VH among parents
Our study discovered a prevalence of VHPs of 14.5%. This was higher than the figure of 11.6% as discovered by Azizi and collaborators 54 . This rate might translate to a poorer uptake of vaccines in the future 55 .
In Malaysia, Ezat discovered that 12.9% of respondents did not accept HPV vaccination for their daughters. However, this study was conducted among mothers only, rather than parents of both genders 56 . In a recent survey, the National Health and Morbidity Survey 2016 57 , it was revealed that only 86.4% of children in Malaysia has complete immunization coverage. This is still considered unsatisfactory. Overall, these studies show a trend of VH behavior among 10-15% of parents in Malaysia.
However, Eve Dubé has recorded a high prevalence rate of 30% in her multi-country study on VH 58 . Although the prevalence levels found here in Malaysia are lower, we cannot tell if the problem will continue growing rampantly. Necessary actions should be taken to curb this behavior before it becomes a bigger problem for outbreaks of VPDs in the future. It has been said that "vaccination is a victim of its own success" 17 , considering the fact that vaccination programs have been so successful and that VPDs are becoming less visible; therefore, people are now focused on the risk and alleged risk of vaccines, rather than the risk of contracting the diseases they protect us from.
Determinants of VH Introduction to a new vaccine.
Introduction to a new vaccine was the strongest predictor of VH among parents. More than half would not agree to be the first to vaccinate their child when a new vaccine was released. In the past, when the HPV vaccination was newly released, there was poor uptake of the vaccine as it was done on a voluntary basis, rather than being subsidized and compulsory as part of the national immunization schedule. Logistically, new vaccines are more expensive to manufacture and hence, the element of cost may be a reason for this poor uptake.
Safety and efficacy might be another reason for this, with at least 40-50% of parents reporting concern in regard to this. This same phenomenon was observed when the H1NI vaccine was introduced in 2009. There was a very low uptake rate of H1NI vaccine, which was mainly attributed to concerns about the safety of what was perceived to be a newly developed drug 59 . We see a similar trend in Malaysia. Despite having approximately two million cases of people infected with dengue per year 60 , the introduction of a new vaccine, which was approved in Mexico in 2015, is still stalled due to safety fears. The idea of waiting for the perfect vaccine concoction with high efficacy and satisfactory safety profile may be one of the reasons for VHPs. Unless a new vaccine is proven to be safe in the long-term, this factor remains to be the most important in determining the confidence of parents in vaccines.
Negative past experiences.
While the quality of vaccination services might have a positive influence on vaccine acceptance, negative past experiences of vaccination or vaccination services can also affect the acceptance of vaccination. Nowak and Cacciatore 61 have shown that personal experience of bad or adverse events following vaccination correlates with the lower confidence levels. They have also shown that confidence levels were higher in parents who did not have a child who experienced any bad reactions or did not know of anyone who had.
Similarly, stories about vaccine adverse events, including those reported by the media, would affect the confidence levels of parents regarding vaccination.
We therefore would suggest that special attention should be given to this finding. Medical practitioners and healthcare workers should always be aware that any experience of the parents and also those indirectly acquired from others might influence their confidence level. They perhaps should interview the parents in order to learn about their experiences and then make an extra effort to explain the misconceptions and provide the information on how rarely these complications occur.
It has been shown that anti-vaccine activists have been spreading fears about vaccination, especially about the safety of vaccines. The fear about the MMR vaccine casing autism is still being spread widely in our community and this secondary 'experience' might have an impact on parents. Although there is little data on the correlation between anti-vaccine websites and decision-making by parents regarding vaccination, it is alarming to know that studies have shown that parents who delayed or refused vaccines are most likely to be those who have sought knowledge regarding vaccines on the internet 62 .
Trust in the pharmaceutical industry. The main reason for the lack of trust in the pharmaceutical industry may be due to the social stigma that pharmaceutical companies are profit-driven and do not care about the safety and efficacy of their products. We have seen an all-time low level of trust in large pharmaceutical companies that manufacture and promote vaccines.
This fear of what is known as 'pharmaceutical-industrial complex' has led some parents to believe that there is a conspiracy in the vaccine industry 63 . These parents argued that the results of vaccination research are influenced by pharmaceutical lobbying influences 64 .
Other possible reasons include the use of foreign products such as thimerosal, albumin or aluminum-based additives. Being unsure of the reliability and possible harmful effects of these constituents may play a role in the VH of parents 27 . In addition, porcine constituents are one of the major concerns for many, as it is against the 'Halal' principle in the Islam religion, followed the majority of our participants 65 . There is a misguided belief that vaccines contain porcine DNA, hence making them impure and forbidden for use by Muslims 54 .
Trust in the health system and provider. The term 'trust' has an array of meanings in the medical literature. To put it simply in the context of vaccine and vaccination, it is about making a risk versus benefit decision when someone has incomplete or inadequate information 66 . A few studies have shown that VH is closely related to the idea of trust in health professionals and health providers, including the health system and health institutions 67,68 . Trust in the health system and health providers, who recommend the use of vaccines and determine the vaccination schedules, has a heavy bearing on the development of VH among parents 59 .
Benin et al. 20 noticed that trust, or the lack of it, forms the basis for parents to either vaccinate or not vaccinate their children, while Larson et al. have pointed out that trust placed in the healthcare system, in the healthcare workers, and also in the policy makers who decide on the vaccination programs, mediates the impact of these factors on vaccine hesitancy 17 . It is also interesting to note that the level of trust in the healthcare system is much lower among religious and ethnic minorities 66 . Perhaps this distrust could be traced back to way these minority groups were either neglected or discriminated against by the government that provides the healthcare system 66 . This is a possible explanation to the finding by Azizi et al. 54 that non-Muslims in Malaysia were more vaccine hesitant than Muslims, since they were in the minority of the population in this country and felt they were being discriminated against.
Male gender
This is a determinant which is not discussed widely in the literatures. However, Siddiqui et al. 69 found that there was noticeable gender differences among parents. In their study, women were shown to have more trust than men in vaccines. We have also seen that research on barriers to vaccination rarely records the views of men and families related to vaccination 70 . However, women and social and familial status play a very crucial role in facilitating the process of vaccination.
It is almost a global phenomenon that men or fathers are rarely involved in vaccination programs by the government. Therefore, information regarding vaccines or VPDs normally does not reach them 71 . By targeting only women, vaccination interventions somehow neglect the influence of men as head of the family in Asian culture in general, and in Malaysian culture in particular. Due to this lack of exposure to information on vaccines and VPDs, men may be more susceptible to the kinds of influences discussed above and subsequently have a bearing on women's decisions about vaccination as well. This, to us, is the only probable cause for this VH among men due to being neglected in education programs regarding vaccination.
Implications/future direction
Our study is one of the first few studies to explore the WHO determinants and VH among parents. In addition to the recent literature in this field, our study allows for a better understanding of VH behavior in Malaysia. The findings of this study are hoped to help transparency and awareness, which is important in gaining trust and guiding parents' decisions on childhood vaccination. Pharmaceutical companies should work together with government healthcare bodies for the primary prevention of VH behavior in parents. For example, this can be done through health campaigns or health talks for parents in schools, or even through mass media for easier accessibility. Doubts, concerns, misconceptions and new healthcare policies and vaccines should be addressed publicly. Information sources should be made available on online platforms, as an easy reference for parents.
Parental decisions are mainly influenced by doctors. Hence it is crucial that doctors can answer patients' questions regarding vaccines. When faced with doubts or concerns, they should be well equipped with sufficient evidence from multiple sources to justify the need for vaccines in children and provide relevant information upon the request of parents. Regular Continuous Medical Education (CME) sessions should be given to keep doctors up to date on recent literature on vaccines. MOH healthcare facilities should encourage and seek feedback from patients, including about confidence and trust in MOH itself. An audit should be done annually to identify any specific issues or concerns, which should be attended to in an appropriate and timely manner.
Limitations of the study
There are certain limitations to our study to be recognized. First, the study design precludes the possibility of causality between the factors tested with VH. The findings from the study are also based on the self-perception of the parent at one particular time. This could potentially change over time, place and context. As the participants were given a choice of whether to answer each question, there was several missing values which could not be accounted for in our study. It is unsure if this is due to a lack of understanding of any of the questions or any other specific reasons. The study could not account for other potentially significant predictors of VH because the independent risk factors in the model could only explain 29.8%% to 53.0%% of the variance in VH. Further studies should explore other factors that may be related to VHPs in a multi-ethnic country, such as an association of cultural or social differences with VH in parents. A qualitative research design may be necessary to explore this gap of knowledge in our diverse community setting.
Selection bias was also seen, as participants were included only if they could read and understand Malay or English Language. This may affect the findings as it excluded other languages spoken in Malaysia, such as Mandarin and Tamil. When looking at number of children, mothers pregnant with their first child and their spouses were excluded, as this section was filled with zero. Using convenience sampling to recruit our patients resulted in a highly skewed ethnic and religious population, where nearly 90% consisted of Malays and Muslims. This is not reflective of the overall Malaysian population; hence, the findings cannot be generalized to all Malaysian parents. Ideally, these factors should be taken into consideration using a simple random sampling method to recruit participants to achieve a more accurate population that can be generalized to all Malaysian parents.
Finally, this study is based in a single center in an urban area of Kuala Lumpur. The responses and the results might be different in a semi-urban or rural population.
Conclusion
To summarize, the prevalence of VH is reported at 14.5% in parents in Kuala Lumpur, Malaysia. The main determinants described by WHO SAGE working group were studied in this population and five factors were identified as significant predictors of VH: namely, reluctant to be the first recipient of a new vaccine, negative past experiences, distrust in the pharmaceutical industry, distrust in the health system and provider, and of male gender. These factors must be recognized and studied further to identify any temporal relationship to under-immunization in children.
Equipped with this, hopefully we can play our part in reaching the WHO goal of 100% immunization coverage in children and the eradication of VPDs. 
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